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ABSTRACT 


The  reaction  of  a,a-clibromo-a-nitrotoluene  with  difluoramine  and  fuming 
sulfuric  acid  gave  a,a-dibromo-a-difluoraminotoluene  as  well  as  a-bromo-a,a- 
bls(difluoramino)toluene.  Attempts  to  apply  more  forcing  conditions  to  this 
reaction  resulted  in  explosions.  No  reaction  occurred  between  bromopicrin  and 
difluoramine  in  several  attempts  using  different  experimental  conditions. 
a-Difluoramino-a,a-dichlorotoluene  was  prepared  from  a,a,a-trichlorotoluene  and 
difluoramine . 

a,a-Dibromo-a-difluoraminotoluene,  Q!-bromo-a,a-bis(difluorajmino)toluene 
and  a-difluoramino-a,a-dichlorotoluene  each  reacted  with  methanolic  sodium 
methoxide  to  give  dimethyl  carbonate  anil. 

Butyldifluoramine  and  sec-butyldifluoramlne  were  obtained  in  4o-50^  yields 
by  the  direct  fluorination  of  n-butylurea  eind  methyl  sec-butylcarbamate ,  respec¬ 
tively,  in  acetonitrile  solution.  Direct  fluorination  of  aqueous  5-hydroxy- 
propylformamide  gave  3-difluoraminopropyl  formate.  Some  preliminary  results  on 
the  fluorination  of  aldoximes  are  presented. 

The  preparation  of  fluoroammonium  perchlorate  was  scaled-up  to  2-5  g 
batches.  The  crude  material  was  purified  by  crystallization  from  ethyl  acetate- 
chloroform  mixture. 
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I.  INTRODUCTION 

The  objective  of  this  program  is  to  develop  new  methods  of  preparing  high- 
energy  materials  for  military  applications.  Dui’ing  the  period  1  October  - 
31  December  1964  covered  in  this  report,  research  has  continued  on  the  reactions 
of  difluoramine  and  on  direct  fluorination  of  nitrogenous  compounds  in  solution. 
Increased  effort  has  been  directed  toward  the  preparation  and  purification  of 
larger  amounts  of  fluoroammonium  perchlorate.  A  discussion  of  the  experimental 
results  follows . 

II.  TECHNICAL  DISCUSSION 

A.  REACTIONS  OF  DIFLUORAMINE  (K.  Baum) 

1.  Discussion 

The  reaction  of  a,a-dibromo-a-nitrotoluene  with  refluxing  di¬ 
fluoramine  in  the  presence  of  fuming  sulfuric  acid  was  previously  shown  to  give 
a-bromo-Q:,(X-bis(difluoramino)toluene.*  This  reaction  was  repeated  under  more 
stringent  conditions,  with  the  objective  of  replacing  the  remaining  bromine  atom. 
Several  attempts  were  made  to  conduct  the  reaction  at  ambient  temperature  in  a 
Teflon  valve  reactor,  but  explosions  resulted  each  time. 

The  reaction  at  atmospheric  pressure  was  repeated  on  a  larger 
scale  in  order  to  obtain  a  quantity  of  a-bromo-a,a-bis(difluoramino)toluene  suf¬ 
ficient  for  a  study  of  its  chemical  properties.  In  addition  to  this  compound, 
a,a-dibromo-a-difluoraminotoluene  was  also  isolated: 

HNF 

CgHjCBr^Oj  C^HjCBrdlFp^  . 

SO. 

The  infrared  sijectrum  and  the  proton  and  fluorine  NMR  spectra  of  the  latter  com¬ 
pound  are  shown  in  Figures  1,  2,  and  3,  respectively. 

- 
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A  similar  reaction  of  bromopicrln  with  dlfluoreunlne  would  be  ex¬ 
pected  to  give  trlbromo(dlfluoraffllno)methEU3e  or  subsequent  bromine  replacement 
products.  When  this  reaction  was  conducted  at  atmospheric  pressure,  at  the  reflux 
temperature  of  difluoramlne,  for  U  hours,  only  the  starting  material  was  recovered: 


no  reaction 


When  the  reaction  was  conducted  at  ambient  temperature  and  autogenous  pressure  for 
20  hours,  again  no  reaction  took  place.  It  was  thought  that  the  unreactivity  mig^it 
be  due  to  insolubility  of  bromopicrln  in  the  reaction  medium.  Consequently,  the 
reaction  at  atmospheric  pressure  was  repeated,  with  the  addition  of  enough  nitro- 
methane  to  give  a  homogeneous  solution.  Only  nitromethsuie  said  bromopicrln  were 
recovered.  This  technique  was  not  attempted  in  a  room  temperature  reaction  be¬ 
cause  a  mixture  of  fuming  sulfuric  acid  and  nitromethane  was  unstable  under  these 
conditions. 

An  unsuccessful  attempt  was  also  made  to  react  difluoramlne  with 
the  self-condensation  product  of  nitroethane ,*  CH,-C=N-0C(N0„)„CH,  or 

^  I  ^  ^  y 

0  NO2 

CH^-C=N-C(N02)2CHj*  No  reaction  took  place  when  fuming  sulfuric  acid  and  reflux- 
NO2 

ing  difluoramlne  were  used.  This  unreactivity  is  surprising  since  one  nitro  group 
of  this  compound  is  readily  replaced  by  HCl  and  alcohols. 

The  reaction  of  a,a,a-trichlorotoluene  with  refluxing  difluor¬ 
amlne  in  fuming  sulfuric  acid  gave  a-difluoramino-a,a-dichlorotoluene  in  65^^  yield: 


The  compound  was  characterized  by  elemental  analysis,  infrared  (Figure  4),  proton 
(Figure  5),  and  fluorine  (Figure  6)  NMR  spectra. 


J.  S.  Belew,  C.  E.  Grabiel  and  L.  B.  Clapp,  "Reaction  of  l,l-Dlnltroeth8Uie  with 
Its  Salts,"  J.  Am.  Chem.  Soc..  JJ,  1110  (1955). 
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This  compoTind  and  the  above  bromodifluoramlnotoluene  are  conven¬ 
ient  model  conqpounds  for  a  study  of  the  chemical  properties  of  a-halodlfluoramii>es. 
The  reactions  of  these  compounds  with  methanollc  sodium  methoxlde  were  studied  to 
determine  \Aiether  halogens  eidjacent  to  dlfluoramlno  groups  can  undergo  displace¬ 
ment  and  whether  the  dlfluoramlno  groups  fure  affected. 

When  a,a-dlbromo-a-dlfluoramlnotoluene  was  treated  with  methanollc 
sodium  methoxlde  for  l8  hours  at  room  temperature,  the  product  -  Isolated  In  59^ 
yield  -  was  Identified  as  dimethyl  carbonate  anil  by  mesms  of  elemental  smalysls, 

IR,  and  NMR  sx>ectra.  The  preparation  of  this  compound  was  reported  In  I892  by  the 
reaction  of  phenyl  Isonitrile  dichloride  with  sodium  methoxide:* 

NaOCH 

The  overall  reaction  of  a,a-dibromo-a-difluoraminotoluene  with 
methoxide  must  include  a  reduction  step,  a  phenyl  migration,  and  a  bromine  dis¬ 
placement.  The  following  mechanism  rationalizes  the  product,  but  other  sequences 
of  the  steps  sure  equally  logical: 


'6"5-?A. 


Br 

CgH^-C=KF  +  F®  +  CHjOBr 


Br 


i 

\ 


0-CH, 


Br 


CH,0Br  +  OCH,  ® 
j  5 

^  Br 


CH„0  +  Br®  +  CH-OH 
2  5 


OCH  I  © 

CgH^-C=RP  ^  -  CgH^-C-NF 

OCH, 


1 


■p  © 


A.  Smith,  J.  Am.  Chem.  Soc. .  16.  392  (1892). 


CONFIDENTIAL 


Page  3 


CONFIDENTIAL 


II  Technical  Discussion,  A  (cont.) 


Report  Ho.  0255-01-21 


©  ^ 

C-HF-C^H. 

I 


C,H-C-N: 
o  5,  » 


=6“5“<, 


The  reaction  of  a,a-dichloro-a-difluoraminotoluene  with  sodium 
methoxide  was  slower  than  that  of  the  bromo  compound,  and  required  heating.  Under 
conditions  that  gave  conversion  of  only  a  fraction  of  the  starting  material,  di¬ 
methyl  carbonate  anil  was  also  formed.  Another  compound,  not  yet  fully  chauracter- 
ized,  was  present  which  appears  to  be  methyl  chloroformate  smil,  on  the  basis  of 
its  HMR  spectrum: 

NaOCH, 


CeH^CCl^NFg  CH,0H  *  CgH^N=C(0CH^)g  + 

^  (?) 

a-Bromo-a,a-bis(difluoramino)toluene  also  reacted  with  metheuiollc 
sodium  methoxide  to  give  dimethyl  carbonate  anil: 

NaOCII 

0gH5CBr(BFj)j  ^ 

In  this  case  a  smedl  impurity  with  Infrared  absorption  at  5>80  p  was  also  produced. 

The  course  of  these  reactions  suid  the  structure  of  the  intermedi¬ 
ates  will  be  investigated  further.  Useful  synthesis  intermediates  could  result 
from  this  work  if  the  reactions  can  be  extended  to  halotrls(difluoramlno)methanes. 
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2.  Experimental 

a.  Reaction  of  a,a-Dlbromo-a-nltrotoluene  with  Difluoramlne 

To  a  refluxing  mixture  of  approximately  5d  g  of  difluoramiiw 
and  36  ml  of  20^  fuming  sulfuric  acid,  I5  g  (O.O508  moles)  of  a,a-dibromo-a-nitro- 
toluene  was  added  dropvlse  with  stirring.  After  4  hours,  100  ml  of  penteme  was 
added  and  stirring  was  continued  for  15  min.  The  lower  layer  was  drained  onto  ice 
suid  extracted  with  methylene  chloride.  Removal  of  the  methylene  chloride  left  only 
a  trace  of  material.  The  pentane  layer  was  flushed  with  nitrogen  to  remove  dlfluor- 
amlne,  and  was  drained  into  a  flask  containing  several  grams  of  sodliim  sulfate. 
Distillation  of  the  pentane,  followed  by  vacuum  distillation  of  the  residue,  gave 
three  fractions:  5-52  g  with  b.p.  4l-43°C/0.65  mm;  O.63  g  with  b.p.  43-57°C/ 

0.35  mo;  eind  4.98  g  with  b.p.  53°C/0.25  mm.  The  first  fraction  was  identified  as 
a-bromo-a,a-bis(difluoramino)toluene  by  its  infrared  spectrum,  vdiich  was  identical 
to  that  previously  reported.*  The  highest  boiling  compound  was  identified  as  a,a- 
dibromo-a-dif luoraminotoluene . 

Anal.  Calcd  for  C^^BrgNFgi  C,  27-9;  H,  1.66;  N,  4.65;  F,  12.62. 

Found:  C,  28.0;  H,  I.63;  N,  4.70;  P,  12.80. 

The  infrared  spectrum,  and  the  proton  and  fluorine  NMR  spectra  of  this  compound 
are  shown  in  Figures  1,  2,  and  3,  respectively.  Deuterochloroform  was  used  as  the 
solvent  for  NMR,  and  tetramethyls ilane  (IWS)  and  Freon-11  were  the  references.  The 
infrared  spectrum  of  the  intermediate  distillation  fracticn  indicated  a  mixture  of 
the  two  identified  compounds. 

b .  a-Dif luoramino-a,a-dichlorotoluene 

a,a,a-Trichlorotoluene  (15  g,  O.078  mole)  was  added  drop- 
wise,  with  stirring,  over  a  15-min  period,  to  a  refluxing  mixture  of  approximately 
40  g  of  difluoramlne  euid  36  ml  of  20^  fuming  sulfuric  acid.  The  reaction  mixture 
was  stirred  for  4  hours.  Penteme  (lOO  ml)  was  then  added  and  stirring  was  con¬ 
tinued  for  15  min.  The  lower  layer  was  then  drained  onto  ice  emd  wem  dlsceorded. 

The  penteme  solution  wem  allowed  to  warm  to  lO^C,  under  a  rapid  nitrogen  stream  to 
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remove  dlfluoramlne,  and  vas  drained  Into  a  beaker  containing  some  sodium  sulfate. 
The  pentam  layer  vas  decanted  and  the  solvent  vas  removed  by  distillation.  Vacuum 
distillation  of  the  residue  gave  10.55  g  (O.050  moles,  yield)  of  a-dlfluoramlno- 

а, a-dlchlorotoluene,  b.p.  38°C/0.4  mm. 

Anal.  Calcd  for  C^^ClgNFgt  C,  39.6j  H,  2.56;  N,  6.6O;  P,  17.9. 

Found:  C,  39*6;  H,  2.02;  N,  6.6k;  F,  17.8. 

The  infrared  spectrum,  euad  the  proton  and  fluorine  NMR  spectra  are  ?3:iven  in  Figures 
I*-,  5,  and  6,  respectively.  Deuterochloroform  vas  used  as  the  NMR  solvent;  IMS  and 
Freon-11  vere  the  references. 

The  Impact  sensitivity  of  this  material  was  »90  cm  vs  26  cm 
for  RDX.  The  DTA  showed  only  an  endotherm  at  216°. 

c.  Reaction  of  a,a-Dibromo-a-difluorajninotoluene  with 
Sodium  Methoxlde 

A  solution  of  0.06  moles  of  sodium  methoxide  in  23  ml  of 
methamol  was  added  dropwise  to  a  solution  of  5*^2  g  (0.01l4  moles)  of  a,a-dibromo- 
a-difluoraminotoluene .  The  mixture  was  allowed  to  stand  at  ambient  temperature  for 
18  hovirs.  The  solvent  was  removed  using  a  rotary  evaporator,  and  50  ml  of  methylene 
chloride  was  added.  Precipitated  salts  were  filtered  off  and  the  solvent  was  again 
removed.  Another  30  ol  of  methylene  chloride  was  added  and  the  solution  was 
filtered  suid  distilled.  The  residue  was  vacuum  distilled  to  give  1.11  g  (O.OO67 
moles,  39f>  yield)  of  dimethyl  carbonate  anil,  b.p.  5**-55°C/0.15  mm. 

Anal.  Calcd  for  C,  65-5;  H,  6.66;  N,  8.5. 

Found:  C,  64.8;  H,  6.54;  N,  8.22. 

Gas  chromatography  (l/4-in.  long  by  10-ft  column  of  10^ 
SE-30  silicone  on  Teflon  at  l45°C)  shoved  two  lower  boiling  impurities  comprising 
1.8^  of  the  materlsd.  A  sample  of  the  major  peaks  vas  trapped  for  analysis. 

Anal.  Found:  C,  65.5;  H,  6.73;  8.5. 

llie  .nfrared  spectrum  of  dimethyl  carbonate  anil  contains 
peaks  at  3.30  ^  (m),  3.36  (m),  3. 50  (m),  5.97  (v.s.),  6.26  (s),  6.70  (m), 

б. 82  (s),  7.0  (s),  7.73  (s),  7.80  (s),  8.40  (s),  9.50  (s),  9.70  (s),  11.1, 
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12.6  (m),  15.3  (s),  13.9  (b),  (b),  15.3  (b).  The  proton  ms.  spectrum  (CDCl^ 

solvent,  TMS  reference)  consists  of  a  methoxy  signal  at  3.78  ppo  and  an  aromatic 
multiplet  centered  at  U2I  cps. 

d.  Reaction  of  a-Bromo-a,a-bis(dlfluoramino)toluere  with 
Sodium  Methoxide 

A  solution  of  0.025  mole  of  sodium  methoxide  in  10  ml  of 
methanol  was  added  dropwise,  over  a  15  min  period,  to  1.^7  g  (0.005  mole)  of  a- 
bromo-a,a-bi8(difluoramlno)toluene  with  30  ml  of  methanol.  The  solution  was  sil- 
lowed  to  stand  at  ambient  temperature  for  1  hour.  The  methanol  was  removed  by 
means  of  an  aspirator,  and  30  ml  of  methylene  chloride  was  added.  The  solution 
was  filtered,  stripped  of  solvent,  and  again  diluted  with  30  ml  of  methylene 
chloride,  filtered,  and  stripped  of  solvent.  The  residue,  O.58  g,  was  shown  to  be 
mainly  dimethyl  carbonate  anil  by  its  infrared  spectrum.  There  was  a  small  ex¬ 
traneous  pe£ik,  however,  at  5*80  >i. 

B.  DIRECT  FLUORINATIOH  (V.  Grakauskas) 

1,  Discussion 

The  fluorination  of  some  simple  nitrogenous  compounds,  which  in 
aqueous  solution  gave  low  yields  of  the  desired  products,  was  reinvestigated  in 
acetonitri-  Thus,  the  fluorination  of  n-butylurea  gave  a  mixture  of  n-Cj^H^NFg, 
and  n-Ci^HgHJ'  XDHFg  from  which  n-butyldifluoramine  was  isolated  in  50^  yield. 
Similarly,  the  fluorination  of  methyl  N-sec-butylcarbamate  gave  sec-C^H^NFg  in  ^40^ 
yield.  The  compound  was  identified  by  Its  infrared  spectrum  (Figure  7),  its  ele¬ 
mental  analysis,  and  by  its  proton  (Figure  8)  HMR  spectra.  A  small  amount  of  H- 
fluoro  derivative,  sec-Cj^H^NFCOgCH^,  was  also  isolated  from  the  fluorination  mix¬ 
ture  and  the  compound  identified  by  its  HMR  spectra  (Figures  9  and  10).  The 
prepcuration  of  sec -butyld if luoramine  in  general  was  similar  to  that  of  primary 
alkyldlfluoramlnes,  and  it  is  likely  that  t-alkyldlf luoramine  could  be  also  synthe¬ 
sized  in  the  same  manner. 

The  fluorination  of  N-3-hydroxypropylformamlde  in  aqueous  solu¬ 
tion  proceeded  similarly  to  the  reaction  of  a  lower  homologue*  and  gave  3'^ifluor- 
amlnopropyl  formate,  contaminated  with  some  3-dlfluoramlnopropanol: 
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(H.O) 

HC0HH(CH2)30H  +  Pg  - S-»HC02(CH2)jNP2  +  NF2(CH2)50H 

The  ester  was  identified  on  the  basis  of  its  Infrared  spectrum  and  its  elemental 
analysis. 

3-Dlfluoraffllnopropanol  was  obtained  in  an  acid-catalyzed  trwses- 
terification  of  the  ester  with  methanol.  Its  identification  is  not  yet  completed. 

In  a  search  for  new  classes  of  compounds  that  might  react  with 
fluorine  to  give  NP  derivatives,  the  fluorination  of  oximes  was  investigated.  In 
aqueous  solution,  both  n-butyraldoxime  and  acetaldoxime  readily  consumed  fluorine, 
but  the  identification  of  reaction  products  in  both  cases  was  difficult.  The  crude 
fluorination  mixtxires  were  distilled  over  a  wide  range  of  temperature  and  underwent 
partial  decomposition  with  the  elimination  of  hydrogen  fluoride.  Therefore,  only 
the  corresponding  nitriles  (5-10^  yield)  could  be  positively  identified  among  the 
reaction  products.  The  ease  of  the  fluorination,  and  the  fact  that  nitriles  were 
found  among  the  reaction  products,  indicate  that  fluorination  of  oximes  resulted  in 
attack  on  either  nitrogen  or  (less  likely)  on  the  -CM-  portion  of  the  molecule. 

The  above  oximes  were  also  fluorinated  in  the  absence  of  a  sol¬ 
vent  at  0-5°C,  and  again  fluorine  was  readily  consumed.  The  same  difficulties  as 
described  above  were  encountered  in  the  isolation  and  identification  of  reaction 
products . 

Finally,  n-butyraldoxime  and  acetaldoxime  were  fluorinated  in 
acetonitrile  solution.  In  each  case,  the  fluorination  mixture  was  washed  with  a 
large  volume  of  ice  water  at  the  end  of  the  fluorination  without  apparent  decompo¬ 
sition.  The  water-insoluble,  liquid  reaction  products  (d»l)  in  each  case  weighed 
approximately  as  much  as  the  starting  materials.  Attempts  to  purify  these  water- 
washed  and  dried  reaction  products,  however,  again  led  to  peirtlal  decomposition 
and  elimination  of  hydrogen  fluoride. 

The  presence  of  water-insoluble  reaction  products  in  the  acetal¬ 
doxime  fluorination  experiment  definitely  indicates  that  the  material  was  neither 
acetonitrile,  nor  the  starting  material,  because  these  two  compounds  cure  readily 
miscible  with  water.  The  crude  fluorination  mixture  possessed  very  strong 
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oxidizing  properties,  implying  the  presence  of  NF  bonding  in  the  products.  The  NF 
compound,  if  present  in  the  mixture  at  all,  was  relatively  hi^  boiling,  because 
the  bulk  of  the  crude  material  boiled  above  at  0.2  mm  pressure. 

The  fluorination  of  oximes  is  under  further  investigation. 

2.  Experimental 

a.  Fluorination  of  n-Butylurea 

A  solution  (partial  suspension)  of  95  g  (0.8  mole)  of  n- 
butylurea  in  350  ml  of  acetonitrile  was  fluorinated  at  -10  to  -20°C  until  approxi¬ 
mately  1.6  moles  of  fluorine  was  consumed.  Several  localized  fires  occurred  in  the 
reactor  at  the  beginning  of  fluorination,  but  the  reaction  proceeded  smooth  and 
fast  as  soon  as  all  the  starting  material  had  dissolved. 

A  50^  aliquot  of  the  fluorination  mixture  was  concentrated 
at  20-25°C/25  mm  to  remove  the  mixture  of  the  solvent,  butyldifluoramine,  and  hydro¬ 
gen  fluoride.  The  distillate  was  washed  first  with  650  ml  of  ice  water,  followed 
by  two  more  washings  with  75  ml  of  cold  water.  The  organic  phase  was  sepeurated, 
dried,  filtered,  and  distilled  to  give  21  g  (50')^  yield)  of  n-butyldifluoramine, 
identified  by  comparing  its  infrared  spectrum  with  that  of  known  material. 

The  distillation  residue,  after  removal  of  n-butyldifluor¬ 
amine,  on  further  distillation  gave  ca.  12  g  of  material,  b.p.  40-50°C/0.1  mm, 
which  was  dried,  deacidified,  and  redistilled  to  give  10  g  of  a  colorless  liquid 
(b.p.  36-39°C/0.1  mm) .  This  liquid  was  then  tentatively  identified  as  N-n-butyl- 
N' ,N' -difluorourea  by  comparing  its  infrared  spectrum  and  its  physical  properties 
with  those  of  analogous  compounds. 

b.  Fluorination  of  Methyl  N-sec-Butylcarbeunate 

A  solution  of  66.5  g  (0.5  mole)  of  methyl  N-sec-butyl- 
carbamate  in  350  ml  of  acetonitrile  was  fluorinated  at  -20°C  until  approximately 
1  mole  of  fluorine  was  consumed  (3  hours).  The  fluorination  mixture  was  washed 
first  with  1000  ml,  and  then  with  three  JO-ml  portions  of  ice  water;  the  crude  ma¬ 
terial  amounted  to  35  g.  The  material  was  fractionated  to  give  25  g  of  sec -butyl - 
dif luoramine ,  b.p.  64-5°C,  and  4.0  g  of  methyl  N-fluoro-N-sec-butylcarbamate .  b.p. 
64-5°C/25  mm. 

* 
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Anal.  Calcd  for  Cj^H^NFg:  C,  44.03;  H,  8.3I;  N,  12. 83;  F,  3^4.82. 

Found:  C,  43.6;  H,  8.6;  N,  I3.O;  F,  33.8. 

The  infrared  spectrum  of  sec-butyldifluoramine  is  shown  in  Figure  T- 

The  60-mc  proton  NMR  spectrum  (Figure  8)  was  obtained  us¬ 
ing  a  carbon  tetrachloride  solution  with  TMS  added  as  an  internal  reference.  The 
assignments  are  as  follows.  The  slightly  irregular  triplet  at  1.01  ppm  is  assigned 
to  the  CHjCH^-  methyl  group.  The  complicated  multiplet  with  maximum  intensity  at 
97  cps  is  assigned  to  CH^CH^-  methylene.  The  complex  nature  of  this  signal  is 
attributable  to  the  fact  that  the  methylene  group  is  attached  to  an  asymmetric 
carbon  -CH2CH(NF2)CHj  and  thus  the  methylene  protons  are  non-equivalent.  The 
doublet  at  1.26  ppm  is  assigned  to  the  -CHCNFg)^^  methyl  group.  The  doublet  com¬ 
ponents  are  further  split  by  interaction  with  the  -NF^  fluorines.  The  broad,  weak 
multiplet  with  maximum  intensity  at  200  cps  is  assigned  to  the  -CHgCHCNF^)^!^  pro¬ 
ton.  If  the  fluorines  are  equivalent,  the  signal  would  be  expected  to  take  the 
form  of  a  triplet  of  sextets.  If,  as  seems  more  likely,  the  fluorines  are  non¬ 
equivalent,  24  lines  would  be  expected.  Thus,  the  complicated  form  of  the  signal 
is  reasonable. 

The  60-mc  proton  (Figure  9)  and  56.4-mc  fluorine  (Figure  lO) 

NMR  spectra  of  C„H^CH(CH,)NFC0„CH,  were  obtained  using  a  carbon  tetrachloride  solu- 
2  ?  3  25 

tion  with  TMS  and  CFCl^  added  as  internal  references.  The  assignments  are  given 
below. 

H '  .  The  slightly  irregular  triplet  at  0.97  Ppm  is  as¬ 
signed  to  the  CHjCHg-  methyl  group.  The  complex  multiplet  with  maxim'om  intensity 
at  101  cps  is  assigned  to  CH^CH^CH-.  The  complicated  nature  of  this  signal  is 
attributable  to  the  asymmetric  carbon  atom  to  which  this  methylene  group  is  attached. 
The  doublet  at  1.21  ppm  is  assigned  to  the  -CH(CHj)-  methyl  group.  The  doublet 
components  are  further  split  by  interaction  with  the  NF  fluorine.  The  intense 
singlet  at  3*81  PPm  is  assigned  to  the  carbomethoxy  methyl  -CO^CH^.  The  pair 
(splitting  40.6  cps)  of  sextets  at  3*95  PPm  is  assigned  to  the  -CHgCH(CH^)NF-  pro¬ 
ton.  The  high  field  sextet  is  overlapped  by  another  weak  signal  or  signals  which 
axe  apparently  due  to  an  impurity. 
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The  fluorine  spectrum  consists  of  a  doublet  (splitting 
4l.O  cps)  at  +97*51  ppm.  The  observed  coupling  is  in  good  agreement  with  that  ob¬ 
tained  from  the  proton  spectrum.  A  singlet  of  fairly  higii  intensity  is  presumably 
due  to  8U1  impurity. 

c.  Fluorination  of  3-HydroxypropylformEunide 

A  solution  of  77*5  g  (0.75  mole)  of  3-hydroxypropylforma- 
mide  in  300  ml  of  water  was  fluorinated  at  0-5°C  until  1.5  moles  of  fluorine  was 
consumed  (4  hours).  The  fluorination  mixture  was  extracted  with  three  75-nil  por¬ 
tions  of  methylene  chloride.  The  combined  extracts  were  dried,  deacidified  with 
solid  sodium  bicarbonate,  filtered,  and  concentrated.  The  residual  material  was 
distilled  to  give  38  g  of  a  colorless  liquid,  b.p.  31~2°C  at  0.1  mm.  An  analyti¬ 
cal  sample  was  purified  by  gas  chromatography. 

Anal.  Calcd  for  Cj^H^202"  34.54;  H,  5*07;  N,  10.07;  F,  27.3* 

Found:  C,  34.2;  H,  5.4;  N,  10. 5;  F,  29. 1. 

A  portion  of  crude  HC02(CH2) ^NF^  was  transesterified  with  methanol  (a  drop  of  con¬ 
centrated  sulfuric  acid  used  as  the  catalyst)  by  refluxing  the  solution  for  a  period 
of  4  hours  to  give  3-difluoramlnopropanol,  b.p.  29-50°C/0.1  mm,  1.5700.  The 
characterization  of  this  compound  is  not  yet  completed. 

C.  FLUOROAMMONIUM  SALTS  (A.  H.  Remanick  and  V.  Grakauskas) 

Some  preliminary  data  on  the  purification  of  crude  N-fluoroammonlum 
perchlorate  (SAP)  by  crystallization  from  ethyl  acetate -chloroform  mixture  was 
presented  in  the  previous  report.*  This  crystallization  procedure  was  pursued 
further  during  this  queurter  and  SAP  of  94-971^  purity  was  obtained  reproducibly; 
the  material  still  contained  1  to  2^  carbon.  The  NMR  analysis  of  the  crystal¬ 
lized  SAP  showed  the  presence  of  two  impurities  in  approximately  equal  concentra¬ 
tion.  One  of  them,  attributed  to  isopropylammonium  perchlorate,  was  eliminated  in 
subsequent  batches  of  SAP  by  using  higher  purity  isopropyl  N-fluorocarbamate  for 
the  preparation  of  the  crude  material.  The  use  of  this  high-purity  starting  ma¬ 
terial  also  resulted  in  a  decrease  of  carbon  content  in  crystallized  SAP  to 

* 
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0.3-1. 3^,  representing  only  one  contaminant  as  determined  by  NMR.  This  carbonaceous 
impurity  was  tentatively  identified  as  isopropylidineimmonium  perchlorate,  and  a 
possible  route  to  its  formation  as  a  side  reaction  product  in  the  hydrolysis  step 
is  visualized  as  follows: 

NHFCO^C^H^  +  HClOj^  - ^HH^F®C10p+  CO^  + 

+  NHFCO^C^H^  - -  C^H^CO^C^H^  +  H® 

+  HClOj^  -  ClOj^O 

(CH,)^CHNH  T®  CIO.  ® - »  (CH,)^C=NH^®  CIO,  ®  +  HF 

3^2  ‘+  ^  d  d  4 

The  immonium  salt  contaminant  was  probably  present  in  all  previous 
batches,  but  being  less  volatile  the  material  remained  as  the  sublimation  residue 
during  purification  of  crude  SAP.  This  was  found  to  be  the  case  when  crystal¬ 
lized  SAP  containing  1.2^  of  carbon  was  further  purified  by  sublimation;  the  sub¬ 
limed  material  was  analytically  pure.  In  this  connection  it  was  also  found’  that 
crystallized  SAP  can  be  sublimed  at  a  relatively  fast  rate  without  noticeable  de¬ 
composition  at  63°C.  This  purification  technique  will  be  applied  to  larger  batches 
of  crude  material  without  prior  purification  by  crystallizatic'^ . 

The  prepen:ation  of  SAP  was  scaled  up  to  2-5  g  batches  and  no  difficul¬ 
ties  are  anticipated  in  further  scaleups.  The  larger  amounts  of  the  material  now 
available  will  be  used  for  storability  tests  and  to  study  recrystallization  tech¬ 
niques  in  an  attempt  to  eliminate  the  carbonaceous  contaminant. 

The  preliminary  storability  tests  indicated  that  SAP  containing  1  to 
1.5^  carbon  decomposes  gradually  over  a  period  of  U-T  days  on  storage  at  25°C  in 
either  glass  or  Teflon  containers.  At  sub-zero  temperatures,  the  material  is 
storable  for  at  least  several  weeks  without  detectable  change  in  its  elemental 
analysis.  It  is  possible  that  decomposition  is  catalyzed  by  the  impurity  and  for 
comparison,  the  storability  of  sublimed  SAP  is  now  under  investigation. 

The  DTA  suialysis  (Figure  11)  of  sublimed  SAP  showed  a  main  exotherm  at 
103°C;  other  less  pronounced  exotherm  peahs  at  higher  temperatures  may  result  from 
the  decomposition  products  -  possibly  NH|^®or  NgH^®  salts. 
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III.  PERSONNEL 

The  experimental  work  was  performed  by  K.  Baum,  V.  Grakauskas,  M.  P.  Mascarl, 
A.  H.  Remanick,  and  0.  S.  Schaeffler.  Analytical  support  was  provided  by  C.  L. 
Deuel  (gas  chromatograph),  K.  Inouye  (microanalyses),  and  H.  Nelson  (IR  and  NMR), 
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Figures  5  and  4 


Fig.  4.  Infrared  Spectrum  of  ci-Difluorainlno-o£,a-dichlorotoluene 
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Figures  7  and  8 


Fig.  8.  Proton  NMR  Spectrum  of  sec -Butyldif luoramine 
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Figxires  9  and  10 


Fig.  10.  Fluorine  NMR  Spectrum  of  Methyl  N-Fluoro-N-sec-tiutylcarbamate 
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Figure  11 
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